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E a r l i e r  we r e p o r t e d  on a g e n e r a l  m e t h o d  f o r  the  p r e p a r a t i o n  of compounds  of the  1, 3 - d i s i l a e y e l o -  
a lkane  s e r i e s  b a s e d  on an i n t r a m o l c e u l a r  e y e l i z a t i o n  r e a c t i o n  of a ,  c0-polyfunct ional  o r g a n o s i l i e o n  co rn -  
pounds  con ta in ing  two t y p e s  of r e a c t i o n  c e n t e r s  [1]: 

Ra 
R1 Iris 1ll / \ R3 
I I Mg \ / \ / 

X--Si--Rs--Si -(CII,~) u CII~C1 - - -  > Si Si 
I I ether / \ / \ 

tl~ 11+ R~ ((]H~)y CII2 R~ 
Clls 

I 
R,; It+; Ra; R+=CI, CIIs, C+II+ R+=--CII2CH+--; --CII-- 

X=C1 y---0.2 

(1) 

T h e  p r e s e n t  w o r k  is c o n c e r n e d  with the  p r e p a r a t i o n  of 1, 3 - d i s i l a c y c l o p e n t a n e  d e r i v a t i v e s .  It is a l so  
c o n c e r n e d  wi th  the  s t r u c t u r e  of the i n i t i a l  compounds  u s e d  in r e a c t i o n  (1). We p r e p a r e d  t hem by add i t ion  
of s i l i c o n  h y d r i d e s  con ta in ing  the c h l o r o m c t h y l  g roup  to v i n y l -  and a l l y l  c h l o r o ( e t h o x y ) s i l a n e s  in the p r e -  
s e n e e  of e h l o r o p l a t i n i c  ac id :  

1tl CII3 CtI8 R1 

CtI~=CH (CH2) y SiX -I- I{--Si--CIt~(]I ~ C1CH~SiR--SiX 
I t I i 

R~ CIt3 cg8 I1~ (2) 

y:=0,1; R2 ttl=CI, alkyl, aryl X=C1, C2ItaO; 

II=--CIIxCtt: ((]HQy-- or --CH--(CH~)y~ 
I 

dH3 

Two i s o m e r i c  p r o d u c t s  can  be  f o r m e d  by  add i t ion  of the s i l i c o n  h y d r i d e s  a c c o r d i n g  to or  a g a i n s t  the 
M a r k o v n i k o v  r u l e .  In the  e a r l i e r  w o r k  [1] wc found that  add i t i on  of s i l i c o n  h y d r i d e s  to a I l y l s i l a n e  c h l o r i d e s  

in r e a c t i o n  (2) gave  1, 3 - d i s i l y l p r o p a n e .  

The  r e a c t i o n  of s i l i c o n  h y d r i d e s  with v i n y l s i l a n e s  has  been  i n v e s t i g a t e d  b y  many  au tho r s  u n d e r  v e r y  
d i f f e r e n t  cond i t ions  [21, but  the s t r u c t u r e s  of the  b r i d g e d  compounds  f o r m e d  have in m o s t  e a s e s  been  in -  
s u f f i c i e n t l y  i n v e s t i g a t e d . *  The  only excep t ion  is the work  d e s c r i b e d  in [3] and [4]. In the  l a t t e r  e a s e  two 
s t r u c t u r a l  i s o m e r s  w e r e  i s o l a t e d  and i den t i f i ed .  The  r e a c t i o n  of type  (2) has not  been  s t u d i e d  in r e l a t i o n  
to e a r b o f u n c t i o n a l  s i l i c o n  h y d r i d e s .  In v iew of the n a t u r e  of the c h l o r o m e t h y l  group we fe l t  tha t  it  was in-  
t e r e s t i n g  to i n v e s t i g a t e  the  c o m p o s i t i o n  of the r e a c t i o n  p r o d u c t s  in g r e a t e r  d e t a i l .  F o r  this  p u r p o s e  they  
w e r e  s u b j e c t e d  to the  changes  shown in (3) to g ive  s i l i c a n e s  which  have been  d e s c r i b e d  in the l i t e r a t u r e  and 
a r e  t h e r e f o r e  conven ien t  f o r  subsequen t  a n a l y s i s :  

ClaSiRSiCII.;C1 
C I I 3 M ~ X  

CH8 

--* (CIt3)3--Si--It--Si~CIt2C1 
I 2) ii~o 
(]II3 

R~--CII2C[I~-- or --C[I--  
I 
CH3 

--* (C tI,~)sSiRSi (Ctt~)s 

(3) 

* F o r  th i s  p u r p o s e  i n f r a r e d  s p e c t r o s c o p y ,  which  has  c o m p a r a t i v e l y  low a c c u r a c y ,  has  been  used.  

A. V. T o p c h i e v  Ins i tu te  of P e t r o c h e m i c a l  Syn the s i s ,  A c a d e m y  of Sc i ences  of the  USSR. T r a n s l a t e d  
f r o m  I z v e s t i y a  A k a d e m i i  Nauk SSSR, S e r i y a  K h i m i c h e s k a y a ,  No. 6, pp. 1336-1342,  June ,  1969. O r i g i n a l  
a r t i c l e  s u b m i t t e d  May 17, 1968. 
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When the react ion mixture was fraet ionated fract ions were obtained which had the same molecular  
weight but differed noticeably in their ref rac t ive  index. The constants of the f i r s t  fractions (boiling point, 
n~) were found to be close to those of 1, 2-bis( tr imethylsi lyl)ethane [4]. It is perfec t ly  .clear that the in- 
c rease  in melting point and refract ive  index in subsequent fract ions (see "Experimental  Method" section), 
in view of the known constants of the i somer ic  1, l -b is( t r imethyls i ly l )e thane [4], can be regarded as resul t -  
ing from enrichment  with the latter.* 

Since isolation of the individual components of the i somer  mixture obtained in react ion (2) is a corn- 
plieated p rocess ,  we subjected the mixture to cyelization after  the usual vacuum distillation. It should be 
expected here that two types of compound with completely different react ivi ty would be formed, namely 
the derivatives of 1, 3-dist laeyelopentane and 1,3-dis i laeyelobutane:  

CHs 
CII3 lh Clts R~ CHo I i% 
1 l x~  \ / \ / \ / \  / 

C1CHeSi- - t t - -S iX - - - - +  Si Si q- Si Si 
i I m~o / \ / \ / \/ \ 
CHa R-~, CIIa \/ R2 Clla R,2 

I 

R----CtI..CII2--, CHa--CH; X==C1; C,2H5(); RI=R,_,=.-:C1, CIta 
I 

(4) 

The silieofunctional heterocyeles  obtained were methylated. It was not possible to separate  the 
methylation products and ehloro derivat ives of the s i lacycloalkanes by repeated vacuum distillation. To 
determine the composition of the products  we ca r r i ed  out an al ternative synthesis of one of the possible 
i somers ,  which represents  a previously  unknown type of f ou r -membered  s i l i c o n -  carbon ring: 

CH3 

(]I[,~ CI/ 

CHaCII (C1) SiCla -{- C1CIt,eSiC1 - - - ,  CI~Si Si (CHa)2 
I ~t=o \ / 
CH3 C .H~ 

(5) 

The dichlorodisi laeyclobutane obtained was also methylated. 

Chromatographic  investigation of the reaction products using a synthesized standard made it possible 
to determine the conditions for their  separat ion and to establish the p resence  in the reaction mixture of two 
s t ruc tura l  i somers ,  namely derivatives of 1, 3-dtsi laeyelopentane and 1, 3-disi lacyclobutane.  A cha rac te r -  
istic p roper ty  of s trained fou r -membered  s i l i con- -  carbon rings is their capacity for thermally initiated 
and catalytic polymerizat ion due to opening of the ring at the endocyelie S i - - C  bond [5]. IIaving confirmed 
with a model of the compound that this cha rac te r i s t i c  is retained with the new type of dtsilacyelobutane 
compound, we used it to obtain the second s t ruc tura l  i somer  in pure form.  For  this purpose the reaction 
product  was fraet ionated on a column at a fa i r ly  high tempera ture  (200~ It was found that it was possible 
to obtain the pure 1, 1-diehloro-3,  3-dimethyl-1,  3-dist laeycIopentane after  only two operations.  A polymer  
remained in the distillation vessel .$ 

* Checking the individual fractions against Beilstein gave negative resul ts .  
$ The increased tendency towards polymerizat ion in compounds of the type: 

C|~ Si' Si(CH3) 2 
\CH(~} / 

is evidently due to increased polar i ty  in the endocyclic S i - -C  bonds [5, 6] adjacent to the dimethylsilyl 
group, and this is caused by redistr ibution of electron density within the ring owing to the negative induct- 
ive effect of the dichlorosi lyl  group. Polymer iza t ion  probably occurs  through the rupture of these bonds. 

. - - ,  r  

The opposite effect is observed in the case of 1-si lacyclobutane derivatives of the X 2 S i ~  j . C H  2 type: 

CH 2 
The tendency tmvards polymerizat ion decreases  as a resul t  of decreased  polari ty in the endoeyclic S i - -C  
bonds owing to displacement of electron density towards the heteroatom [6, 7]. 
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The 1, 3-disLlacyelopentane derivatives can also be f reed f rom impurities of the fou r -membered  
i somer  by other methods.  These include for  example the te lomertzat ton reaction, which is very  welt known 
for  tetramethyldtst lacyclobutane* [8]: 

cg3 
i 
cIt 

/ \ , ! I tr ptcz, --. (CH~)zSi Si (CII3),2 :- (ca l~)aSil ~ 
\ / 

CH~ 
(]H~ CHa CHa CHa 
I I ' I 

--* It-- Si--Cl?I--Si-- CH,zSi (C.,I{~)a n" Hgi--Ct{~--Si -C~I--Si (C2tth)a (6) 
I I 1 [ t ! 

Ctt~ CIt3 Cgs CHs (His Cgs 
A 

and addition of bromine [9, 10]. It was found in control experiments that changes involving opening of the 
hetero ring are  not charac te r i s t i c  of pure tetramethyldisi lacyclopentane.  It should also be noted that these 
polymeriza t ion and addition reactions with opening of the ring at the same time provide independent evi- 
dence for  the formation of i someric  products  in the hydrostl ication reaction (2) considered above. Accord-  
ing to all the data the amount of 1, 1-disttylethane s t ruc ture  reaches  20% with vinyl t r ichlorosi tane;  it is less 
(up to 10%) with vinyldtmethylethoxysilane. The physicochemical  charac te r i s t i c s  of the compounds prepared 
a re  shown in Table 1. 

E X P E R I M E N T A L  METHOD 

The vinylchloro(ethoxy)silancs used in the work had physical  proper t ies  corresponding to those pub- 
lished in the l i terature  [2]. The chloromethyldimethyls i lane was p repared  by the method descr ibed in [1]. 
The addition of sil icon hydrides containing the chloromethyl  group to vinylehloro(ethoxy)silanes was p e r -  
fo rmed by the method described ear l ie r  [1]. 

Determination of Order  of Addition of Chloromethyldtmethylst tane to Vinyltr ichlorosi lane (Experi- 
ment  1). A 96-g sample of ethereal  solution of the addition product  f rom ehloromethyldimethylsi lane and 
vinyl t r tehlorosi lane [bp 113-115~ (18 mm); n}~ = 1.4760; composit ion found: 39.90, 39.85% C1; mol. wt. 
266,263; theoret ical  composition: 39.5% CI, rap1. wt. 270] was t reated with an ethereal  solution of methyl-  
magnesium bromide obtained f rom 50 g magnesium. The react ion mixture was boiled with s t i r r ing  for 6 t~. 
It was then treated with water,  and the ethereal  Iayer  was removed and dried. After removaI  of the solvent 
and distillation under vacuum, 47 g methylation product  was obtained. A 27-g sample of an ethereaI solution 
of the compound was added to 3.1 g magnesium and boiled with s t i r r ing  until completely dissolved. The r e -  
action mixture was t reated with water,  and the ethereal  layer  was removed and dried. After removal  of the 
solvent and distillation on a fract ionating eolumn with glass packing (40 em high), 10 fractions (10 g in all) 
of the product  were obtained (Table 2). 

Ace ording to published data, the disilylethan derivat ives have the following proper t ies :  (C tt 3) 3Si - C H 2 
�9 CH 2 - Si(Ctt3) 3, bp 151-152oc, a ~  = 1.4200; (CH~)~ - CH(CtI3) - si(cti3)3, bp 160-161~ n ~  = 1.4331. 
n}~ = 1.4331. 

Synthesis of 1, l -DichIoro-3 ,  3-Dimethyl-1,  3-Disi lacyelopentane (Experiment 2). The reaction was 
pe r fo rmed  by the method descr ibed in [11. F r o m  204 g addition product  f rom ehloromethyldimethylsi lane 

�9 In the ease under considerat ion (reaetion (6)) two types of product  can fo rm.  Structure A seems p r e f e r -  
able to us. 

TABLE 2 

Frac tion n~ Fractio~ n/~ 
No. Bp, ~ No. Bp, ~ 

152 
152 
151,5 
152 
I52 
152 

1,4205 
1,4205 
1,4208 
1,4210 
1,4215 
1,4218 

7 
8 
9 

10 
Resid ue 

1'53 
153 
155 
155,5 

1,4218 
1,4218 
1,4218 
1,4220 
1,4257 
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and v iny l t r i eh lo ros i l ane  and 50 g magnes ium fil l ings,  9.5 g cyclizat ion product  was obtained. It had the 
following c h a r a c t e r i s t i c s :  bp 64-65~ (I0 ram), n~ = 1.4750. Its composi t ion was: 35.70, 35.60% C1; tool. 
wt. 196,191; CsHI2SiC12. The theore t ica l  composi t ion is: 35.50% C1; tool. wt. 199.32 (in benzene).  

Fo rma t ion  of a p o l y m e r  was observed  when the product  was dist i l led on a f ract ionat ing column with 
g lass  packing (50 cm high) at a t e m p e r a t u r e  of 200~ It was dissolved in benzene and methyla ted  with an 
excess  of me thy lmagnes lum bromide .  After  r emova l  of the solvent and vacuum dist i l lat ion its molecu la r  
weight (determined c ryoscop ica l ly  in benzene) was 1600. The p rope r t i e s  of the purif ied 1, 1 -d i ch lo ro -3 ,3 -  
d imethyl -1 ,  3 -d is i lacyc lopentane  a r e  given in Table  1. 

P r e p a r a t i o n  of 1, 1, 3, 3 - T e t r a m e t h y l - 1 ,  3-Disi lacyclopentane (Exper iment  3). F r o m  30 g 1, 1-di-  
ch loro-3 ,  3 -d imethy l -1 ,  3 -d is i lacyc lopentane  and methylmagnes ium bromide ,  p r e p a r e d  f r o m  20 g magnes -  
ium, 19 g methyla t ion produc t  was obtained. Its analysis  by theb romine  number  method [10] gave a nega-  
t ive resu l t .  

On cyclizat ion,  100 g addition product  f rom chloromethyldimethyls i lane  and vinyldimethyl(ethoxy)-  
s i lane [bp 112-116~ (22-23 ram); n~ = 1.4448; composi t ion found: 21.5, 21.7% C2H50; theoret ica l  compos i -  
tion: 18.9% C2H50 ] with magnes ium in aboslute e ther  [1] gave 20 g te t ramethyld is i lacyc lepentane ,  boiling 
at 144-150~ with n~ = 1.4440; a b romine  number  of 9.35/9.25 was obtained. 

In o rde r  to f r ee  it f r o m  the 1, 1, 2, 3, 3 -pentamethyl -1 ,  3-dis i lacyclobutane impur i ty  6 g of the product  
was boi led for  6 h with Kaufman solution p r e p a r e d  f rom 46 g sodium b romide  in 100 ml  absolute methanol 
and 2.5 g b romine .  After  this 3 g po tass ium iodide was added, and the l ibera ted  iodine was t t t ra ted  with 
1 N NaHSO 3 solution. The mix tu re  was t r ea ted  with water ,  ex t rac ted  with ether ,  and dried.  After  d is t i l la -  
tion, 4 g t e t ramethy ld i s i l acyc lopentane  was obtained, and its p rope r t i e s  did not differ  f r o m  those obtained 
above. 

Preparation of i, l-Diphenyl-3, 3-Dimethyl-l, 3-Disilacyclopentane (Experiment 4). A 15 g yield of 
the product was obtained from 20 g i, l-diehloro-3, 3-dimethyl-l, 3-disilaoyelopentane, prepared in Experi- 
ment (2), and phcnylmagnesium bromide, prepared from 64 g bromobenzene. 

Preparation of i, l-Diehloro-2, 3, 3-Trimethyl-l, 3-Disilacyclobutane (Experiment 5). A 59 g yield 
of the product was obtained from 268 g ~-ehloroethyltrichlorosilane (bp 135-137~ n~ = 1.4562; composi- 
tion found: 53% Cl; theoretical composition: 53.1% CI), 193 g ehloromethyldimethylchlorosilane (bp 115- 
I17~ n~ = 1.4357; composition found: 25% Cl; theoretical composition: 24.8% Cl), and 65 g magnesium 
by the method described in [II]. Fractional distillation under vacuum gave the diehlorosilacyclobutane, 
the properties of which are shown in Table I. The mixture of the latter with i, l-dichloro-3, 3-dimethy|- 
i, 3-disilacyelepentane, obtained in Experiment (2), was separated by chromatography. 

The chromatography was performed on a GCIIF-18 instrument with 20% PFMS as stationary phase 
on INZ-I brick. The length of the column was 4.5 m, the carrier gas was helium, and the rate was 0.55 
g/cm 2. The sensitivity was 4 and the temperature 160~ The exit time was 12 rain 30 see for diehloro- 
trimethyldisilacyclobutane and 13 rain 30 see for dichlorodimethyldisilacyclopentane. 

Preparation of i, I, 2, 3,3-Pentamethyl-l, 3-Disilacyclobutane (Experiment 6). A 17 g yield of penta- 
methyldisilacylobutane was obtained from 27 g i, l-dichloro-2, 3,3-trimethyl-l, 3-disilacyclobutane and 
methylmagnesium bromide, prepared from 13 g magnesium, in ether by the method used in Experiment (3). 
A bromine number of 101.0/101.5 was obtained. The theoretical value is 101.2. 

Reaction of I, i, 2, 3, 3-Pentamethy!-l, 3-Disilacyclobutane with Triethylsilane (Experiment 7). A 
mixture of 8 g pentamethyldisilacyclobutane and 12 g triethylsilane (bp I07-I08~ n~ = 1.4120) was heated 
in the p r e s e n c e  of catalyt ic  quantities of H2PtCI ~ in an evacuated sealed tube at 170~ for  50 h. Vacuum 
dist i l lat ion gave a 9.8-g (70%) yield of the product ,  boiling at 123-125~C (5-6 ram) with n~ = 1.4670 and 
d~ = 0 .842.  It contained 0.23% H, with MR = 90.53. The theore t ica l  composi t ion is: 0.36% It, MR 91.08. 

A 2070 yield of the product ,  with the p r o p e r t i e s  shown above, was obtained in a s i m i l a r  manner  by 
heating the product  obtained in Exper iment  (2) and submit ted to exhaustive methylat ion without p r e l i m i n a r y  
f rac t iona l  dist i l lat ion,  with t r ie thyls i lane .  

T h e r m a l  Po lymer iza t ion  of 1, 1-Dichloro-2 ,  3 -Tr ime thy l -1 ,  3-Dis i lacyclobutane (Exper iment  8). A 
2 g sample  of the product  obtained in Exper iment  (6) was placed in a glass  tube and evacuated until the 
evolution of gas upon thawing ceased.  The tube was sealed and heated for  6 h at 140~ A high-molecular  
product ,  soluble in absolute benzene,  was obtained with a yield of about 80%. 
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The authors express  their  s i nce re  grat i tude to M. V. Pozdnyakova for  ca r ry ing  out the analysis  by 
the b romine  number  method.  

CONCLUSIONS 

1. In an investigation of the addition of ehloromethyldimethylsiiane to vinylchloro(ethoxy)silanes it 
was found that two structural isomers -- derivatives of i, i- and i, 2-bis-(organoehlorosilyl)ethane -- were 
Iormcd~ 

2. A method was developed for  the p r epa ra t i on  of s i l ieofunetional  1, 3-d is i laeyelopentanes .  

3. 1, 3-Dis i laeyelobutanes  subst i tuted at the carbon a tom were  p r e p a r e d  for  the f i r s t  t ime,  and it 
was found that, as also for  other f o u r - m e m b e r e d  s i l i con- -  carbon r ings,  they were  cha r ac t e r i z ed  by te lo-  
mer iza t ion ,  polymer iza t ion ,  and b romine  addition reac t ions .  
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